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Luminal cytokeratin (CK) expression in breast papillary lesions, and its potential diagnostic utility among other

markers in distinguishing between papillomas and papillary carcinomas, has not been previously evaluated.

Such expression was determined in 42 papillary lesions (18 papillary carcinomas and 24 papillomas) by

immunostaining with a CK5/p63/CK8/18 antibody cocktail. The mean CK8/18 intensity score and percentage of

positive cells were significantly higher in papillary carcinomas (227 and 95%, respectively, vs 86 and 42% in

papillomas; both P-values o0.0001), whereas the mean CK5 intensity score and percentage of positive cells

were significantly lower (7 and 5%, respectively, vs 107 and 58% in papillomas; both P-values o0.0001). Half

(9/18) of the papillary carcinomas expressed p63 vs all (24/24) of the papillomas (P¼ 0.0001). P63 expression in

papillary carcinoma was always (9/9; 100%) focal/limited in nature (expression in o10% of cells), whereas

focal expression was seen in only four (17%) papillomas (Po0.0001). Both differential CK (CK8/18 and CK5)

expression and p63 were equally sensitive (100%) for the diagnosis of papillary carcinoma, but differential CK

expression was more specific (96 vs 83%), resulting in a greater accuracy. However, the best discriminatory

power in the distinction from papilloma was achieved when all three markers were used in combination,

resulting in 100% sensitivity and specificity values. It is concluded that breast papillary lesions have differential

CK expression profiles that, especially in combination with p63, can be useful for their stratification, potentially

also in needle biopsy material, in which more accurate and reproducible characterization is needed.
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By comprising only 1–2% of breast lesions,1 papil-
lary lesions are relatively rare. Despite that, recog-
nizing that a breast lesion is papillary in nature is
not particularly difficult for pathologists. On the
other hand, distinguishing between various types
of papillary lesions can be problematic.2,3 Such
lesions include intraductal papilloma, intraductal
papilloma with atypical ductal hyperplasia, intra-
ductal papilloma with ductal carcinoma in-situ,
papillary ductal carcinoma in-situ, intracystic
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(encapsulated3,4) papillary carcinoma, as well
as papillary lesions with unequivocal invasive
carcinoma.2

The difficulty in distinguishing between different
papillary lesions recapitulates the problem in
distinguishing between other intraductal epithelial
proliferations that are non-papillary in nature.5–7 In
addition to routine hematoxylin and eosin-stained
sections, various immunohistochemical markers
have been used to aid in the distinction between
such intraductal epithelial proliferations. Of these,
high-molecular weight cytokeratins (CKs) tradition-
ally expressed by the basal epithelial/myoepithelial
cells of normal breast, including those detected by
the 34bE12 antibody (CK1, CK5, CK10 and CK14)
and CK6, have been useful in evaluating both non-
papillary8–11 and papillary12–15 lesions. In general,
these studies have found greater expression
of high-molecular weight CKs in usual ductal
hyperplasia compared with atypical ductal hyper-
plasia and ductal carcinoma in-situ, and in intra-
ductal papillomas compared with papillary
carcinomas.

In recent years, it has also been found that in
contrast to usual ductal hyperplasia, both atypical
ductal hyperplasia and ductal carcinoma in-situ
preferentially express the low-molecular weight CKs
traditionally expressed by luminal epithelial cells of
the normal breast, specifically CK8, CK18 and
CK19.8,16,17 Such expression, combined with de-
creased/absent high-molecular weight CK expres-
sion, has been used to further help distinguish
atypical ductal hyperplasia and ductal carcinoma
in-situ from usual ductal hyperplasia. There are,
however, no studies that systematically evaluate the
expression of such low-molecular weight CKs in
papillary lesions of the breast.

Accordingly, the first goal of this study was to
determine the low-molecular weight CK expression
profile of intraductal papillary carcinoma of the
breast and compare it with that of intraductal
papilloma. Our hypothesis was that, similar to
non-papillary intraductal proliferations, there
would be greater expression in papillary carcinoma.
The second goal was to determine the diagnostic
utility of differential CK expression in the evalua-
tion of papillary lesions of the breast, especially
beyond what a myoepithelial immunostain can
provide.

Materials and methods

Case selection and histological review

Consecutive cases of breast papillary lesions were
identified via computer search of the database files
of the Lauren V Ackerman Laboratory of Surgical
Pathology, Washington University Medical Center.
One author (OH) reviewed these cases to confirm the
diagnosis and select one or more representative

paraffin blocks for subsequent immunohistochem-
ical analysis. Given the lack of consensus on the
quantitative criteria that distinguish atypical
ductal hyperplasia from ductal carcinoma in-situ
arising in a papilloma (and accordingly what might
constitute an ‘atypical papilloma’)2,3 only unequi-
vocal cases of intraductal papillomas and intraduc-
tal/intracystic/encapsulated papillary carcinomas
(hereafter referred to as papillary carcinoma) were
further evaluated in this study. Moreover, the study
did not include any cases of invasive papillary
carcinoma.

Immunohistochemistry

A CK5 (clone XM26)/p63 (clone BC4A4)/ CK8/18
(clone 5D3) prediluted antibody cocktail (Biocare
Medical, Concord, CA, USA) was used for the study
utilizing an automated immunostainer (Benchmark
720, Ventana Medical Systems, Tuscon, AZ, USA)
and manufacturer (Ventana)-provided protocols and
reagents as follows: following deparaffinization,
heat-induced antigen retrieval and blocking of
endogenous peroxidase, sections were incubated
for 32min with the CK5 and p63 antibodies. The
secondary biotin-conjugated antibody was then
applied for 8min followed by streptavidin–horse-
radish peroxidase for 8min. The reaction was
visualized by incubation with diaminobenzidine
and hydrogen peroxide for 8min. Following that,
the slides were incubated with the CK8/18 antibody
for 32min. A second biotin-conjugated secondary
antibody was then applied for 8min followed by
streptavidin–alkaline phosphatase for 8min. This
reaction was visualized by incubation with fast red
for 8min. Slides were then counterstained with
hematoxylin, dehydrated and coverslipped. Normal
breast ducts and lobules were used as positive
control.

Interpretation of immunohistochemical stains

One author (NNB) interpreted the immunohisto-
chemically stained sections without previous
knowledge of the hematoxylin and eosin diagnosis.
The expression of both CK8/18 and CK5 were
evaluated semiquantitatively utilizing a histological
intensity score18 by multiplying the intensity of
staining (0, 1, 2 and 3þ ) by the percentage of cells
that stained at each intensity level. These scores
were added up to arrive at a final score (ranging from
0 to 300 for each marker). The extent of p63
expression was determined by estimating the pro-
portion of non-peripheral cells that express this
marker regardless of intensity. This expression was
categorized as negative (no expression), diffuse
(homogenous expression in Z10% of cells), focal
(homogenous expression in o10% of cells or
heterogeneous expression with at least one discrete
focus showing expression in o10% of cells).
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Statistical analysis

The expression of CK8/18, CK5 and p63 in papillary
carcinoma was compared with that in intraductal
papilloma. The Student’s t-test was used to compare
continuous variables, whereas the w2-test or Fisher’s
exact test was used to compare categorical variables. A
P-value of 0.05 was considered statistically significant.

The utility of the different markers (alone or in
combination) in distinguishing between papillary
lesions was evaluated by comparing the sensitivity
(true positives/true positives þ false negatives),
specificity (true negatives/true negatives þ false
positives), positive predictive value (true positives/
true positives þ false positives), negative predictive
value (true negatives/true negatives þ false nega-
tives) and accuracy (true positives þ true negatives/
true positives þ false positives þ true negatives þ
false negatives) rates of each marker/combination in
correctly classifying the lesions. The 95% confi-
dence intervals for proportions based on a binomial
probability distribution were also calculated to
assess the accuracy of these estimates in evaluating
the papillary lesions. Receiver operating character-
istic curve analysis, performed using the SPSS for
Windows statistical program (SPSS, Chicago, IL,
USA), was also performed to compare the utility of
differential CK expression with that of p63 in the
evaluation of the papillary lesions.

Regulatory Approval

The study was approved by both the Human Studies
Committee at Washington University Medical Cen-
ter and the University of Alabama at Birmingham
Institutional Review Board.

Results

Clinical Features and Pathological Diagnosis

In total 38 patients with papillary lesions available for
evaluation were identified, including 36 females and
2 males. The age of the patients ranged from 34 to 87
years (mean, 62 years). A total of 42 papillary lesions
were retrieved (several patients had more than one
lesion), including 26 (63%) from the left breast and 16
(37%) from the right breast. There were 24 (58%)
papillomas and 18 (42%) papillary carcinomas.

CK8/18 Expression

There was greater expression of CK8/18 in papillary
carcinomas (Figure 1) compared with papillomas
(Figure 2). The mean intensity score in papillary
carcinomas (227; range, 115–300) was significantly
higher than that in papillomas (86; range, 10–220)
(Po0.0001). Additionally, the mean percentage of
CK8/18-positive cells in papillary carcinomas (95%;
range, 85–100) was significantly higher than that in

papillomas (42%; range, 10–85%) (Po0.0001).
Moreover, all (100%) papillary carcinomas vs only
3 (13%) papillomas showed CK8/18 expression in
Z80% of lesional cells (P¼ 10�8). In papillomas, the
epithelial cells expressing CK8/18 were often inter-
mingled with those expressing CK5, giving a mosaic
expression pattern (Figures 2 b and c).

CK5 Expression

Papillary carcinomas were completely negative for
CK5 in 5 (28%) cases, whereas the remaining
carcinomas showed only rare or focal CK5 expres-
sion, as exemplified in Figure 1. On the other hand,
papillomas always expressed this marker (P¼ 0.013)
(Figure 2). The mean intensity score in papillary
carcinomas (7; range, 0–20) was significantly lower
than that in papillomas (107; range, 20–230)
(Po0.0001). The mean percentage of CK5-positive
cells in papillary carcinomas (5%; range, 0–15) was
also significantly lower than that in papillomas
(58%; range, 15–90%) (Po0.0001); only 4 (22%)
cases of papillary carcinoma had CK5 expression in
greater than 5% of lesional cells.

P63 Expression

Half (9/18) of the papillary carcinomas expressed
p63 vs all (24/24) of the papillomas (P¼ 0.0001). P63
expression in papillary carcinoma was always (9/9;
100%) focal in nature, whereas focal expression was
limited to 4 (17%) papillomas (Po0.0001), the
remainder showing diffuse expression (Figure 2).

Marker Expression in Needle Biopsy and
Corresponding Excisional Material

There were two lesions (a papillary carcinoma and a
papilloma), in which immunohistochemistry was
performed on both needle biopsy and excisional
material. On needle biopsy, 100% of the cells in the
papillary carcinoma expressed CK8/18 with no CK5
expression, whereas only 20% of cells in the
papilloma expressed CK8/18 and 80% expressed
CK5. The CK expression profiles in the excisional
material were very similar to those seen in needle
biopsy material, as 99% of the cells in the
corresponding papillary carcinoma expressed
CK8/18 with only rare CK5 expression, and 10% of
the cells in the corresponding papilloma expressed
CK8/18 with 90% expressing CK5. The p63 expres-
sion profiles of the papillary carcinoma (negative)
and the papilloma (diffuse) were also identical in
the needle biopsy and excisional material.

Diagnostic Utility of Differential CK Expression in the
Evaluation of Papillary Lesions

On the basis of the different CK8/18 and CK5
expression profiles in papillary lesions of the breast
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(summarized in Table 1), this differential CK
expression appeared to be of potential clinical
utility in evaluating such lesions. Accordingly, the
sensitivity, specificity, positive predictive value,
negative predictive value and accuracy values were

determined at different cut-offs (Table 2). This
showed that a cut-off of 85/15% for CK8/18 and
CK5 expression, respectively, produced the best
values with sensitivity, specificity and accuracy
rates of 100, 96 and 98%, respectively. These values

Figure 1 Breast papillary carcinomas immunostained with a CK5/p63/CK8/18 antibody cocktail. The first case (a–c) is characterized by
diffuse, strong CK8/18 expression (c) and only focal p63 expression within the papillary cores(c; arrows); more prominent p63 (and CK5)
is evident at the periphery (c; asterisk). The second case (d–f) also displays strong, diffuse CK8/18 expression (e, f), as well as rare CK5
positive epithelial cells within the papillary fronds (f; arrows).

Luminal cytokeratins in breast papillary lesions

188 ES Reisenbichler et al

Modern Pathology (2011) 24, 185–193



appeared better than those obtained for p63
(Table 2), a finding that was further confirmed by
receiver operating characteristic curve analysis that
showed a greater area under the curve for differ-
ential CK8/18/CK5 expression (0.998 vs 0.948;
Figure 3). However, the best discriminatory power

in evaluating the different papillary lesions was
obtained when all three markers were used in
combination, whereby CK8/18 expression in greater
than 80% of cells (with concomitant CK5 expression
in o20% of cells) and a negative or only focal
p63 expression correctly identified all papillary

Figure 2 Breast papillomas immunostained with a CK5/p63/CK8/18 antibody cocktail. The first case (a–c) has a very prominent mosaic
CK8/18/CK5 expression pattern along with diffuse p63 expression (b, c). Although the second case (d–f) also displays diffuse p63
expression, it is characterized by a greater proportion of CK8/18-positive cells (e–f), albeit of weaker intensity than the other case.
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carcinomas and excluded all papillomas. This
resulted in 100% sensitivity, specificity, negative
predictive value, positive predictive value and
accuracy rates (Table 2).

Discussion

In this study, we have shown that the CK8/18
expression profile (as well as that of CK5 and p63) in
breast papillary carcinoma is clearly distinct from
that in papillomas. We have also demonstrated that
differential CK8/18 and CK5 expression has excel-
lent utility (and better than p63) in distinguishing
between these two lesions. The best discriminatory
power, however, was achieved when CK8/18, CK5
and p63 staining were used together for the distinc-
tion. These findings suggest that using these markers
in combination can lead to better stratification of
papillary lesions of the breast, especially in needle
biopsy material, in which more accurate and

reproducible distinction is needed. Accordingly,
validation of these findings in needle biopsy
material is recommended.

Immunohistochemical staining for myoepithelial
cells was one of the first adjunctive studies used to
attempt to clarify papillary lesions in which a
diagnosis cannot easily be made with routine
histology.19 Markers that have been used to evaluate
for the presence of myoepithelial cells have
included smooth muscle actin, p63, P-cadherin
and calponin.12,14,20–22 Although most of these
(including p6312,20) have been shown to have good
sensitivity and specificity in the diagnosis of
papillary carcinoma, one has to consider that
previous studies have certainly included cases that
fit the morphological criteria for papillary carcino-
ma, but had myoepithelial cells discontinuously
present within the lesion,12,21,22 including one
reporting an under-diagnosis rate of 30% with the
use of myoepithelial markers alone for the diagno-
sis.21 Thus, myoepithelial stains cannot completely

Table 1 Summary of the CK8/18, CK5 and p63 expression profiles of the papillary lesions evaluated in the study

Marker Papillary carcinoma (n¼ 18) Papilloma (n¼ 24) P-value

CK8/18
Mean intensity score (range) 227.3 (115–300) 85.6 (10–220) o0.0001
Mean % positive cells (range) 95 (85–100) 42 (10–85) o0.0001
No. with Z 80% positive cells (%) 18 (100) 3 (13) o0.0001
No. with Z 85% positive cells (%) 18 (100) 1 (4) o0.0001

CK5
Mean intensity score (range) 6.7 (0–20) 106.9 (20–230) o0.0001
Mean % positive cells (range) 5 (0–15) 58 (15–90) o0.0001

p63
Negative (%) 9 (50) 0 (0) o0.0002
Focal (%) 9 (50) 3 (13) 0.014
Diffuse (%) 0 (0) 20 (79) o0.0001

CK, cytokeratin.

Table 2 The sensitivity, specificity, negative and positive predictive values and accuracy of CK8/18, CK5 and p63 in distinguishing
papillary carcinomas of the breast from benign papillomasa

Marker/cut-off Sensitivity (%)
(95% CI)

Specificity (%)
(95% CI)

Positive predictive
value (%) (95% CI)

Negative predictive
value (%) (95% CI)

Accuracy (%)
(95% CI)

CK8/18 (CK5)
Z75% (o25%) 100 (78–100) 88 (66–97) 86 (63–96) 100 (81–100) 93 (79–98)
Z80% (o20%) 100 (78–100) 88 (66–97) 86 (63–96) 100 (81–100) 93 (79–98)
Z85% (o15%) 100 (78–100) 96 (77–100) 95 (72–100) 100 (81–100) 98 (86–100)
Z90% (o10%) 89 (64–98) 100 (83–100) 100 (76–100) 92 (73–99) 95 (83–99)

p63
Negative 50 (27–73) 100 (82–100) 100 (62–100) 100 (62–100) 79 (63–89)
Negative or focal 100 (78–100) 83 (62–95) 82 (59–94) 100 (80–100) 90 (76–97)

All three markers
Z80% CK8/18 (o20% CK5)
and negative or focal p63b

100 (78–100) 100 (83–100) 100 (78–100) 100 (83–100) 100 (90–100)

CK, cytokeratin; CI, confidence interval.
a
The cut-offs with the highest accuracy for the different markers are displayed in bold font.

b
Using Z85% CK8/18 (o15% CK5) expression in this combination produced identical values.
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solve the diagnostic dilemma that some papillary
lesions pose. The findings of our current study are
clearly in concert with previous studies, as there
was significant overlap in the p63 expression
patterns of papillomas and papillary carcinomas.
Although diffuse p63 expression was only seen in
papillomas and complete lack of expression was
limited to papillary carcinomas, half of our papillary
carcinoma cases still maintained some level of
expression. Accordingly, if only absence of p63
staining was used to classify a lesion as malignant,
50% of papillary carcinomas would be misdiag-
nosed as benign. On the other hand, if one also
included reduced p63 expression (focal; as defined
in this study) as a criteria of malignancy, 13% of the
papillomas would be misdiagnosed as malignant.
Only when CK expression was additionally used for
discrimination (see below) were we able to accu-
rately characterize all of the papillary carcinomas,
including those with focal p63 expression.

Apart from the issue of myoepithelial cells, the
difficulty in distinguishing between different papil-
lary lesions is often secondary to the difficulty of
categorizing the nature of the epithelial proliferation
within these lesions. Consequently, nonmyoepithe-
lial immunohistochemical stains have recently been
used to try to elucidate the character of these
proliferations.19,23,24 Several studies have utilized
high-molecular weight CKs, such as CK5/6 and
CK14 and those targeted by the 34bE12 antibody,
in the evaluation of papillary lesions with benign

papillary lesions consistently showing increased
high-molecular weight CK expression when com-
pared with papillary carcinomas.12,13,15,21 Although
these studies (as does ours) show that high-mole-
cular weight CK expression is useful in discriminat-
ing between different papillary lesions, there is still
a certain degree of overlap in the expression patterns
in papillomas and papillary carcinoma, which
appears to limit their diagnostic utility.

Given that high-molecular weight CK and myo-
epithelial markers may not completely resolve the
differential diagnosis of breast papillary lesions,
we wanted to investigate whether luminal/low-
molecular weight CK expression might be useful in
this regard. Although CK8/18 has been used in
combination with CK14 to demonstrate the differ-
ential expression in ductal proliferations ranging
from florid epithelial hyperplasia to invasive ductal
carcinoma,25 to the best of our knowledge its use in
papillary lesions has only been reported once before
in a single case of solid papillary breast carcinoma,26

in which diffuse strong CK8/18 expression was
found.

Accordingly, we first set out to detail the expres-
sion patterns of this marker in breast papillomas and
papillary carcinomas. Because we wanted to char-
acterize the ‘classic’ expression profile in these
cases, we purposefully excluded equivocal cases,
including papillomas involved by any degree of
atypical ductal hyperplasia/ductal carcinoma in-situ
(atypical papillomas). One may certainly question
the decision to exclude atypical papillomas,1,27 a
diagnostically challenging category of papillary
lesions, from this study. Although the exclusion of
this category of papillary lesions resulted in a
smaller study population (a potential limitation of
our study), it is our strong belief that one should first
characterize the expression pattern(s) of any ‘new’
marker (immunohistochemical or otherwise) in
well-characterized, non-equivocal cases before eval-
uating more controversial examples.

We have clearly shown that the CK8/18 expres-
sion profile of papillary carcinomas is quite distinct
from that of papillomas with significantly higher
intensity scores and greater percentage of positive
cells. In most cases, CK8/18 expression appeared to
be the opposite image of CK5 expression, with only
occasional cells showing dual expression (more so
in papillomas; Figure 2). Although we tested this in
only two cases, we also found that the CK8/18 and
CK5 profiles in needle biopsy specimens matched
those in the corresponding excisional specimens.
From a potential diagnostic standpoint, all papillary
carcinomas expressed CK8/18 in 85% or greater of
epithelial cells (with concomitant CK5 expression in
o15% of cells), whereas only one papilloma had
such expression. Using this cut-off, we found that
this differential CK expression had a sensitivity of
100%, a specificity of 96%, a positive predictive
value of 95%, a negative predictive value of 100%
and an accuracy of 98% for the evaluation of

Figure 3 Receiver operating characteristic (ROC) curves for CK8/
18/CK5 and p63 expression in the distinction between papillary
carcinoma and papilloma of the breast. This shows that the area
under the curve for the cytokeratins (0.998; 95% confidence
interval, 0.990–1.005) was greater than that for p63 (0.948; 95%
confidence interval, 0.905–1.011) confirming their better discri-
minatory power.
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papillary lesions indicating an excellent discrimi-
natory power. Moreover, differential CK expression
performed better than p63 (as an individual im-
munostain) in stratifying these lesions.

As often is the case when different diagnostic
tests are used in combination, we found that using
CK8/18, CK5 and p63 together (as part of an
antibody cocktail) resulted in a greater discrimina-
tory power than when these immunostains were
used individually with sensitivity, specificity, posi-
tive predictive value, negative predictive value and
accuracy rates of 100% (Table 2). The inclusion
of both CK8/18 and CK5 within the cocktail was
very good at highlighting the mosaic appearance of
many papillomas (Figure 2) and, when prominent,
even negated the need for estimating the percentage
of cells positive for each marker. At this point, one
should state that it remains to be determined
whether the excellent performance of this antibody
cocktail holds true with more equivocal cases
and in larger series of needle biopsy material. In
fact, we are currently in the process of finalizing one
such study specifically evaluating needle biopsy
material.

Apart from the issue of validation in a separate
data set, there are two other questions that need to
be addressed regarding the use of these markers in
combination for the evaluation of breast papillary
lesions. The first is why using both CK8/18 and CK5
is superior to using CK5 alone for the evaluation of
papillary lesions; and the second is why evaluating
the expression of these markers on a single section is
more beneficial than using them individually on
different sections. There are several arguments that
support the use of these markers together on a single
slide: As noted above, using an antibody cocktail on
a single section allowed for direct comparison of
CK5-positive and CK8/18-positive cells and excel-
lent visualization of mosaic staining when present;
additionally, it arguably allows for easier determina-
tion of the proportional expression of each CK.
Although not specifically addressed in this study,
this combination may also be useful to better
distinguish between papillomas secondarily
involved by usual ductal hyperplasia and those
secondarily involved by atypical ductal hyperplasia
and/or ductal carcinoma in-situ, in a manner similar
to their utility in discriminating between non-
papillary intraductal epithelial proliferations.8,16,17

Another argument for using CK8/18 in the evalua-
tion of papillary lesions is that its inclusion can
provide a ‘positive reaction’ to support a diagnosis
of malignancy (papillary carcinoma), instead of just
a negative reaction that might be obtained with only
CK5 (and/or p63). Of note, this latter rationale has
been used to argue (successfully) for using a-
methylacyl-CoA racemase in the evaluation of
atypical foci in prostate needle biopsy material, a
widely accepted practice in contemporary surgical
pathology.28 Finally, using these three markers in
combination as part of an antibody cocktail could

prove to be essential for the evaluation of
breast needle biopsy tissue with limited diagnostic
material, whereby cutting and immunostaining
multiple sections could potentially lead to loss of
the diagnostic focus/foci in question. We have
undoubtedly encountered this in routine clinical
practice and this issue has certainly contributed to
the increasing use of other antibody cocktails in the
evaluation of limited diagnostic tissue from other
organs, again most notably those originating from
the prostate gland.

Interestingly, our data illustrating the complemen-
tary nature of using more than a single immunohisto-
chemical marker to make a reliable distinction
between papilloma and papillary carcinoma is very
similar to that in a recent study by Grin et al29 in
which they used CK5 and estrogen receptor im-
munostains on separate slides and obtained a
sensitivity of 93% and a specificity of 100% for
the diagnosis of atypical lesions. The single case
that was misclassified in their study was an example
of high-grade ‘basal-like’ ductal carcinoma in-situ,
which was diffusely CK5 positive and lacked
estrogen receptor expression. It should be noted
that such a case could also be misclassified using a
CK5/p63/CK8/18 antibody cocktail; however, as
the authors of the aforementioned study point out,
the high-grade nature of the lesion would make a
benign misdiagnosis extremely unlikely. Because
apocrine lesions are almost invariably CK8/18-
positive and CK5-negative (unpublished observa-
tion), their presence within papillomas could
potentially also lead to misclassification as malig-
nant if one were to rely solely on the immunohisto-
chemistry. As is the case in diagnostic surgical
pathology in general, these examples highlight the
importance of always interpreting results of immu-
nohistochemistry in the context of the appearances
on hematoxylin and eosin-stained sections and that
a diagnosis of benignancy or malignancy should
never be based solely on the results of one or more
immunostains.

In summary, we have shown that papillary lesions
of the breast have differential CK and p63 expres-
sion profiles that can clearly be utilized in the
distinction between papillomas and papillary carci-
nomas. The best discriminatory power was achieved
when these markers were used in combination,
especially as part of an antibody cocktail on a single
slide to allow for direct comparison of expression
levels. Evaluation of additional cases of breast
papillary lesions, including less classic examples
and those in needle core biopsy material, is needed
to further determine the diagnostic utility of this
antibody cocktail.
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